Background. The 2012 National Institutes of Health (NIH) consensus criteria for standardized diagnostic categories of pulmonary tuberculosis in children have not been validated. We aimed to assess the NIH diagnostic criteria in children with culture-confirmed pulmonary tuberculosis and those in whom tuberculosis has been excluded.
Methods. We performed a retrospective analysis of consecutive children hospitalized with suspected pulmonary tuberculosis in Cape Town, South Africa, who were enrolled in a diagnostic study. Children were categorized as definite tuberculosis (culture positive), probable tuberculosis (chest radiograph consistent), possible tuberculosis (chest radiograph inconsistent), or not tuberculosis (improved without tuberculosis treatment). We applied the NIH diagnostic categories to the cohort and evaluated their performance specifically in children with definite tuberculosis and not tuberculosis.
Results. Four hundred sixty-four children (median age, 25.1 months [interquartile range, 13.5-61.5 months]) were included; 96 (20.7%) were HIV infected. Of these, 165 (35.6%) were definite tuberculosis, and 299 (64.4%) were not tuberculosis. If strict NIH symptom criteria were applied, 100 (21.6%) were unclassifiable including 21 (21.0%) with definite pulmonary tuberculosis, as they did not meet the NIH criteria due to short duration of symptoms; 71 (71%) had cough <14 days, 48 (48%) had recent weight loss, and 39 (39%) had fever <7 days. Of 364 classifiable children, there was moderate agreement (κ = 0.48) with 100% agreement for definite tuberculosis and moderate agreement for not tuberculosis (220 [60.4%] vs 89 [24.5%]).
Conclusions. Entry criteria for diagnostic studies should not be restrictive. Data from this analysis have informed revision of the NIH definitions.
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Diagnosis of pulmonary tuberculosis in children can be challenging due to nonspecific symptoms, signs, and radiological changes and the difficulty of making a definitive microbiologic diagnosis [1] . Advances in specimen collection and diagnostic tests have improved the ability to make a microbiologic diagnosis in children [2] [3] [4] [5] [6] ; however, microbiologic confirmation is still unavailable in many settings. Further, among children with suspected pulmonary tuberculosis, a confirmed microbiologic diagnosis is only achieved in a minority; thus, clinical diagnosis remains the predominant method for determining whether a child has tuberculosis and initiating treatment. However, clinical diagnosis may vary widely. Several clinical scoring systems have been developed, but there is wide variability in their performance [7, 8] .
The development of new diagnostic tests for tuberculosis has been an important advance. New diagnostics have highlighted the need for standardized clinical case definitions for pulmonary tuberculosis in children in the context of clinical research, so as to enable comparative evaluation of such tests [9] . To obtain consensus on clinical case definitions for diagnosis of pulmonary tuberculosis in children, the National Institutes of Health (NIH) convened a workshop of expert clinicians, researchers, and other opinion leaders in June 2011, to develop consensus diagnostic criteria for tuberculosis diagnostic studies for use in clinical research, based on clinical, radiological, and microbiological features [10, 11] . Using these, the expert panel recommended 5 clinical diagnostic categoriesconfirmed tuberculosis, probable tuberculosis, possible tuberculosis, tuberculosis unlikely, and not tuberculosis [10] . These diagnostic categories and criteria are based on expert opinion and have not yet been validated. Moreover, there has been confusion regarding interpretation of some of the definitions and classifications.
Since 2009, we have been performing clinical research on the performance of new diagnostic tests for pulmonary tuberculosis in children at a pediatric hospital in Cape Town, South Africa. Clinical, radiologic, and microbiologic data were used to classify children into 1 of 4 locally defined diagnostic categories: confirmed tuberculosis, probable tuberculosis, possible tuberculosis, or not tuberculosis. We used data collected in this research to evaluate NIH consensus criteria for tuberculosis diagnostic studies.
METHODS
A retrospective analysis of consecutive children hospitalized with suspected pulmonary tuberculosis in Cape Town, South Africa, from 1 February 2009 to 30 June 2012, who were enrolled in a tuberculosis diagnostic study, was done. Children aged <15 years were eligible for the diagnostic study if they had a cough and at least 1 of the following: a household tuberculosis contact within the preceding 3 months, weight loss or failure to gain weight within the preceding 3 months, a positive tuberculin skin test (TST) to purified protein derivative (PPD 2TU, PPD RT23, Statens Serum Institut, Denmark), or a chest radiograph suggestive of pulmonary tuberculosis. Children were excluded if they had received tuberculosis drug(s) for >72 hours, did not live in Cape Town, and could not attend follow-up visits if informed consent was unavailable or if a respiratory specimen was not obtained. Written informed consent was obtained from a parent or legal guardian. The study was approved by the Ethics Committee of the Faculty of Health Sciences, University of Cape Town.
Signs, symptoms, and exposure history were carefully recorded. Routine investigations included chest radiography (anteroposterior and lateral views), a TST, and human immunodeficiency virus (HIV) testing when HIV status was unknown (HIV rapid test in all children, followed by a confirmatory polymerase chain reaction for children <18 months of age or HIV enzymelinked immunosorbent assay for children aged ≥18 months). Two experienced reviewers, blind to microbiological and other results, reported chest radiographs using a standardized format and classified the radiograph as consistent or inconsistent with pulmonary tuberculosis. When there was a discrepancy in the radiographic assessment, a third reviewer's report was obtained. The same reviewers were used for the duration of the study.
Tuberculosis treatment was at the discretion of the hospital doctor based on clinical, radiological, and microbiologic information. Follow-up visits were done by study staff at 1, 3, and 6 months for children on tuberculosis therapy and at 1 and 3 months for those untreated. Response to treatment was assessed at follow-up by recording symptoms, signs, weight, and a repeat chest radiograph at completion of tuberculosis treatment.
Microbiological Investigations
Children were investigated for pulmonary tuberculosis as has been previously described [2, 6] . Specimens for microbiologic testing included 2 sequential induced sputa specimens and 2 nasopharyngeal aspirates and, if clinically indicated and feasible, gastric lavage, tracheal aspirate, or bronchoalveolar lavage. Specimens were obtained for acid-fast staining, culture confirmation using automated liquid culture (BACTEC MGIT, Becton Dickinson), and rapid diagnostic testing with Xpert MTB/ RIF assay (Xpert, Cepheid).
Clinical Diagnostic Categories
Cape Town Categories Children were categorized as "definite tuberculosis" (culture positive on any specimen for Mycobacterium tuberculosis [Mtb]), probable tuberculosis (chest radiograph suggestive of tuberculosis), possible tuberculosis (chest radiograph inconsistent with tuberculosis), or "not tuberculosis" (documented resolution of symptoms and signs at follow-up in children who did not receive tuberculosis treatment) (Table 1) [2, 6] .
NIH Categories
Children were classified according to the NIH criteria into 1 of 5 diagnostic categories as follows [10] To assign a diagnostic category using the NIH algorithm, assessment was consecutively made in 3 areas-symptom criteria, microbiologic confirmation, and radiologic evaluation. To enter the algorithm for classification, children had to meet the NIHdefined symptom criteria, followed by microbiologic confirmation and radiological evaluation [10] . Symptoms listed in the NIH criteria [10] include persistent cough (for >14 days), weight loss, or failure to thrive within the preceding 3 months (documented on the growth curve or a weight-for age z score [WAZ] or height-for-age z score [HAZ] of ≤−2), persistent unexplained fever (for >7 days), or persistent, unexplained lethargy (Table 1) . Similar to the Cape Town study, radiologic classification required a minimum of 2 readers, with a third expert reader in the case of discordant reports. The chest radiograph was classified as consistent or not consistent with tuberculosis according to a standard format. Documented exposure to Mtb was defined as reported exposure to a household contact within the preceding 24 months or a positive TST or interferon-γ release assay as per the NIH guidelines.
Analysis
The data were analyzed using Stata 11 statistical software (StataCorp, College Station, Texas). Simple descriptive statistics were used to characterize the study population; normally distributed continuous data were summarized by mean and 95% confidence interval, and nonnormally distributed continuous data by median and interquartile range. WAZ and HAZ were calculated using EpiInfo version 6 (database and statistical software for public health professionals, Centers for Disease Control and Prevention [CDC]). Categorical data were summarized as number and proportion. For this analysis, the NIH categories of Mtb infection (which appears on NIH algorithm but is not listed in the diagnostic categories), unlikely tuberculosis, and not tuberculosis were combined into a single "not tuberculosis" category. Agreement between the 2 algorithms was measured using the κ statistic. The strength of agreement between the 2 algorithms was described as κ = 0-0.2, slight; 0.2-0.4 as fair; 0.4-0.6 as moderate; 0.6-0.8 as substantial; and 0.8-1.0 as almost perfect [12] .
RESULTS
Among 924 children with suspected pulmonary tuberculosis enrolled in the Cape Town study, 25 without symptoms or a microbiologic specimen, 327 classified as possible tuberculosis, and 108 classified as probable tuberculosis were excluded from this analysis (Figure 1) . Thus, 464 children with a median age of 25.1 months (interquartile range [IQR], 13.5-61.5 months) were included; 247 (53.2%) were male and 96 (20.7%) were HIV infected. Of these, 165 (35.6%) were classified as definite tuberculosis, and 299 (64.4%) as not tuberculosis in our study (Figure 1) .
Using the strict symptom-based definitions of the NIH criteria, 100 of 464 (21.6%) children were unclassifiable, as they did not meet the symptom criteria for inclusion. Of these, 71 (71%) presented with a cough for <14 days (median duration of cough, 4 days [IQR, 3-7 days]), 39 (39%) presented with a history of fever for <7 days (median duration of fever, 3 days [IQR, 2-4 days]), and 48 (48%) had reported weight loss but did not meet the NIH criteria as there was no documented evidence for preceding weight loss, and WAZ and HAZ were both >-2. Among these 100 children, 21 (21%) were classified as definite tuberculosis and 79 (79%) not tuberculosis in the Cape Town diagnostic study. Of 364 children who met the NIH strict symptom criteria, all had at least 1 microbiologic specimen obtained. Among these, there was moderate agreement for the diagnostic categories between the Cape Town and NIH categories (κ = 0.48; Table 2 ). There was 100% agreement for definite tuberculosis, with 144 children classified as definite tuberculosis by both. There was moderate agreement between those classified in the not tuberculosis groups, with 220 (60.4%) children classified by the Cape Town study and 89 (24.5%) in the NIH categorization. Of the 220 children classified as not tuberculosis in the Cape Town study, 89 (40.5%) were classified as not tuberculosis by the NIH criteria, whereas 20 (9.1%) were classified as probable and 111 (50.4%) were considered possible tuberculosis ( Table 2 ). 
DISCUSSION
The development of validated, standardized diagnostic categories as an endpoint for tuberculosis diagnostic or vaccine studies or entry into clinical trials of novel therapy is critical [9] . However, among this cohort of children classified as definite or not tuberculosis using the Cape Town algorithm, the strict symptombased definitions contained in the NIH classification could not be applied to approximately 21% of children, including a substantial proportion who had culture-confirmed disease. A major difference between the NIH and Cape Town classification methods is in the criteria for clinical symptoms and duration of symptoms, particularly the NIH requirement of cough for >14 days or fever for >7 days. As a result, several children did not meet the strict symptom definition criteria for classification by the NIH criteria, including 21% with culture-confirmed, definite tuberculosis. Acute symptoms have increasingly been reported for children with pulmonary tuberculosis; studies of children hospitalized with acute pneumonia in tuberculosis-endemic areas have reported 8%-15% of children to have culture-confirmed tuberculosis [13] [14] [15] . A recent meta-analysis reported that in hightuberculosis-burden areas, tuberculosis was common in children presenting with acute pneumonia [16] . Consideration should therefore be given to modifying the NIH symptom criteria, specifically the duration of cough and the duration of fever. This important issue has since been clarified in the revised 2015 NIH definitions; the revised definitions include symptoms or signs of any duration as entry criteria.
There was a substantial difference between the number of children diagnosed as not having tuberculosis in the Cape Town study compared to when the NIH criteria were applied. This is partly due to the lack of a category for children who improved without tuberculosis treatment without immunological evidence of tuberculosis infection or documented tuberculosis exposure in the NIH algorithm. However, follow-up 2 months after initial evaluation is recommended in the NIH consensus document [10] . Therefore, consideration should be given to including an improvement in signs or symptoms without tuberculosis therapy as a criterion for the diagnostic category of not tuberculosis irrespective of tuberculosis exposure, as in the Cape Town study [2, 6] . Furthermore, many of the children classified as not tuberculosis by the Cape Town criteria were classified as possible or probable tuberculosis using the NIH criteria, based on the radiological assessment and documented exposure or immunologic evidence of infection. However, as diagnostic studies are commonly done in high-tuberculosis-prevalence areas, and given the NIH criteria of household exposure within the preceding 24 months, it is likely that many children will be considered exposed [17] . For example, a child with a chest radiograph that is inconsistent with tuberculosis but who had a household contact with tuberculosis 2 years prior would be categorized as possible tuberculosis by NIH criteria even if they improved without tuberculosis treatment. Consideration should therefore be given to modifying the criteria for "not tuberculosis" to include an improvement without tuberculosis therapy. The revised NIH definition has also now reduced the period for household exposure to 12 months.
Furthermore, classification as not tuberculosis in the NIH algorithm depends on an alternate diagnosis being established, which may be challenging [18, 19] . Bacteremia occurs only in a minority of pneumonia episodes [18] . Improvements in molecular diagnostic testing have enabled identification of viruses, bacteria, or atypical organisms on respiratory secretions; however, it is currently not possible to distinguish colonizing organisms from those causing disease [20] . Moreover, dual or multiple pathogens are common, especially in severe pneumonia, so identification of an alternate pathogen does not necessarily exclude pulmonary tuberculosis [15, 16, 18] . The NIH algorithm recommends that children be classified as "not tuberculosis" where an alternate diagnosis has been made and "tuberculosis unlikely" where no other diagnosis has been established [10] . However, given the challenges in making an alternate diagnosis, consideration should be given to consolidating the 2 categories to a single category irrespective of whether an alternate diagnosis is made, provided there is documented improvement without tuberculosis treatment (the revised NIH definition now includes a single category of "unlikely tuberculosis" [21] ).
A limitation of the current study is that the study population comprised children with relatively severe disease who required hospitalization for suspected pulmonary tuberculosis. Most diagnostic studies in children have been done in hospitalized populations, so validating these criteria is important. However, the large burden of childhood tuberculosis occurs in primary care settings, where fewer diagnostic studies have been undertaken [22] ; further validation of the NIH criteria in children in these settings is needed. A further limitation is the exclusion of children for whom a respiratory specimen was not obtained, as microbiological confirmation was required for assignment of a diagnostic category. However, in our study setting, an induced sputum specimen has been reliably obtained in >98% of children with suspected pulmonary tuberculosis [2, 6, 22] . Furthermore, a revision included in the new NIH definition that may strengthen microbiological diagnosis is a positive World Health Organization-endorsed molecular test such as Xpert MTB/RIF (from induced or expectorated sputum, nasopharyngeal aspirate, gastric aspirate, string test, or other intrathoracic sample or stool) for a diagnosis of confirmed tuberculosis.
CONCLUSIONS
Entry criteria for diagnostic studies should be broad. These results have informed revised NIH consensus definitions in this supplement that should strengthen collection of standardized data for pediatric diagnostic studies enabling valid, global comparisons [21] . These definitions are a useful tool for ensuring harmonization and comparability between studies; however, reevaluation and refinement of the revised NIH criteria should be undertaken as further evidence emerges.
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